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AUTOMATIC IMAGE TIMESTAMP CORRECTION 
 
ABSTRACT 
Images captured with digital cameras include timestamp information that indicates date 
and time of capture, e.g., based on a date/time setting in the camera. However, such information 
excludes the time zone in which the image was captured. Consequently, a true time of capture, 
e.g., UTC (Universal Coordinated Time) of images captured with such cameras is unknown. For 
example, for a camera that is set to Pacific Standard Time (PST) while capturing images in New 
York, the images would include a timestamp that is offset from a New York local time by three 
hours. This disclosure describes techniques to analyze images to determine the time-offset, e.g., 
from UTC, of a camera used to capture the images. Once the time-offset from UTC is 
determined for a camera, timestamps of other images captured with the camera can be corrected, 
even for those images that have no discernable location information. 
KEYWORDS 
● Timestamp correction 
● Digital camera 
● Universal time 
● Photo library 
BACKGROUND 
Image libraries, such as those hosted on personal computer, phone, or at an online image-
hosting service often include images that have timestamps of uncertain and/or unknown 
accuracy. Such inaccuracy in timestamps in images arises due to several reasons, such as:  
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● Cameras that have limited or no geotagging functionality: The timestamp of an image 
taken by a camera that lacks geotagging functionality can be inaccurate when the camera is 
unable to determine the universal time (e.g., UTC) at the instant of image capture. 
● Cameras that use internally-stored time to add timestamps: For example, such an 
internally-stored time is set by a manufacturer (e.g., in a factory setting) or by a user upon 
first use of the camera. Subsequently, the internally-stored time no longer matches a time of 
image capture.  
○ For example, if a user sets the camera time based on Pacific Standard Time (PST) and 
subsequently travels to New York, the timestamp added by the camera is 3 hours 
behind local time at the instant the image is captured in New York.  
○ In another example, if the user sets the camera time based on PST during Daylight 
Savings Time (DST) months of a year, the timestamp provided by the camera is off 
by one hour during non-DST months. 
○ In another example, if the user travels to Europe, the date of the camera is incorrect 
during certain hours of the day, in addition to error in the time value of the timestamp. 
● Scanned images: Scanned images have a timestamp associated that is based on a time of the 
system that performs the scan. In this case, the timestamp is inaccurate since the actual image 
capture occurred at a time before the time of scan. 
Incorrect timestamps included in images captured by the camera can result in errors, e.g., 
when arranging images chronologically, in searching for images by date/time, etc. This 
disclosure describes techniques to correct timestamps of images based on a time-offset 
determined for the camera that captured the images. The time-offset from UTC (henceforth, 
“camera time”) is determined based on analysis of images taken by the camera. Such analysis 
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includes analysis of image metadata, analysis of image content using image recognition, scene 
analysis, etc. Once camera time is determined, timestamps of other images taken by that camera 
are corrected. Further, when the internally-stored camera time changes between different groups 
of images, e.g., if the time is adjusted by a user, such changes are detected and utilized to correct 
timestamps of images in the different groups.  
DESCRIPTION 
The techniques of this disclosure utilize a statistical technique known as “likelihood 
testing.” In this statistical technique, the validity of a hypothesis is tested by assessing the 
likelihood of having observed certain events given that hypothesis.  
 To apply likelihood testing to the determination of camera time, a system that implements 
the techniques evaluates several hypotheses regarding camera time, based on available images 
from a camera. For example, such hypotheses include: (a) camera time is set based on the home 
time-zone of the user; (b) camera time is set to the local time at a location of image capture at the 
instant of image capture; (c) camera time is set to universal time; etc. The veracity of a 
hypothesis is a priori unknown. Such a system can be implemented in image library software 
(e.g., on a computer, phone, or other device), as part of an image-hosting service that hosts 
images, a photo printing service, or any system that stores and/or analyzes images. 
The system tests validity of the various hypotheses regarding camera time in light of 
observations from images captured by the camera.  
Example 1: Camera time matches image timestamps 
The system analyzes a group of images and determines that at least a few of the images 
are taken in San Francisco, e.g., if the images include the Golden Gate Bridge or other 
recognizable landmarks, if the images include a street sign or address that’s recognized as being 
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in San Francisco, etc. The system further determines a local time of capture of the image. In one 
example, the system determines that there is a clock included in the image and recognizes the 
time from the clock. In another example, the system determines the sun’s angle in the image 
(e.g., based on light and shadows) and estimates a time. In some examples, the system can use 
metadata associated with the image to determine the time, e.g., if the user permits use of factors 
such as user location (e.g., user checked-in at “Golden Gate Park”) or metadata such as user-
provided titles or captions (e.g., “5 pm Crowd at Embarcadero BART”). The system determines 
that the timestamps on such images are coincident with Pacific Standard Time. The system 
determines that a hypothesis that the camera time is PST has a high likelihood of being valid 
based on the location (San Francisco) and time (5 pm) corresponding to the timestamp. When the 
likelihood of validity of a hypothesis meets a threshold, the system deems the hypothesis as true 
and uses the determined time to correct timestamps of other images captured by the camera. In 
the above example, the system associates a camera time that matches PST with images that were 
taken during a same time interval as the images determined to have been taken in San Francisco. 
Example 2: Camera time does not match image timestamps 
In this example, the camera of example 1 above, which is set to PST, is used to captures 
images in a different time zone, e.g., in New York. The system determines based on scene 
analysis of image content, that certain are likely taken in New York, e.g., if the images include 
the Empire State building, Times Square, or other recognizable landmarks; if the images include 
a street sign or address that’s recognized as being in New York, etc.  Further, the system 
estimates a time of capture of the images, as described in example 1 above. The system compares 
the determined time of image capture with the timestamp included within image metadata to 
calculate a time offset, e.g., that the timestamp is three hours behind the determined time. The 
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system uses the calculate time offset to associate a camera time that matches PST + 3 hours with 
images that were taken during a same time interval as the images determined to have been taken 
in San Francisco. 
Example 3: Images taken in multiple time zones 
 In this example, the system determines, based on image analysis, that two camera time 
hypotheses (e.g., PST, and PST + 3 hours) are true for different groups images. For example, if 
the images of example 1 and example 2 are taken with the same camera (e.g., a user carries the 
camera from San Francisco to New York), the system applies appropriate corrections to camera 
time for images based on whether each image belongs to a first group or a second group, 
corresponding to different camera times.   
 To the extent that the techniques of this disclosure access image metadata and draw 
inferences relating to the location and local time of camera, the techniques are implemented with 
specific prior user approval and consent. For example, when users deny permission for image 
analysis, or to image metadata, such analysis is not performed and metadata are not used to 
determine camera time. Further, other information about a user (e.g., location information, 
check-in information, user communications, etc.) is used for timestamp correction only if the 
user consents to such use of the information. The user can restrict analysis to only certain types 
of analyses, or to certain types of images, or prohibit completely analyses of images or metadata. 
Determination of camera time 
Fig. 1 illustrates an example process to determine camera time is outlined. At block 102, 
images are received. At block 104, the images are analyzed to determine the location and the 
local time at the instant of image capture, as described above. Such analysis may be successful 
only for a subset of images. Such analysis can include, based on user approval, determination 
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that an image was taken outdoors (e.g., based on image illuminance) and if the image is 
determined to have been taken outdoors, the angle of the sun in the scene of the image is 
calculated. Further, based on user’s permission, a system that implements the process of Fig. 1 
determines a location of image capture, as described above, via scene analysis, caption analysis, 
user activity, etc. In some implementations, the system can utilize the location and/or time of 
capture only for those images for which the determined location and/or time meets a threshold 
confidence score.  
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At block 106, the local time of image capture is compared with the image to assign a 
likelihood to each hypothesis relating to camera time. Greater weight is assigned to certain 
hypotheses under certain circumstances. For example, a local time of capture that is determined 
based on clocks that are visible in the image trigger a greater likelihood for the hypothesis that 
camera time is the same as local time. At block 107, it is determined if there are more images to 
process, and blocks 104-106 are performed for each available image to assign a likelihood for 
each hypothesis relating to camera time for each image. At block 108, the likelihoods for each 
hypothesis are combined across images, e.g., multiplied across images, logarithms of the 
likelihoods cross images are added, etc. At block 110, the hypothesis with a highest combined 
likelihood is selected (e.g., if the likelihood meets a threshold likelihood) to determine the 
camera time. At block 112, timestamps for other images from the camera are corrected using 
camera time. 
 
Referring to Fig. 2, the time of a camera (202) is a priori unknown. Several images (e.g., 
204, 206, etc.) are captured and sent to a camera time estimator (208). The camera time estimator 
uses an image analyzer (210) to analyze a first image (204). The image analyzer finds sufficient 
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illuminance in the scene, for example, based on image metadata such as shutter speed, focal 
length, sensitivity of the photo-sensor (the ISO number), etc. to conclude that the image has been 
captured outdoors. Further, the image analyzer, based upon scene analysis, indicates with high 
probability that the image may have been captured in New York and that there is high probability 
that a local time of 4:00 PM is consistent with the angle of the sun in the scene. A likelihood 
calculator (212) compares the determined local time) to the image timestamp for the image 
(204), e.g., 1:00 PM. For image 204, the likelihood of camera time being PST is found to be 
high. Another image (206) is similarly processed, and reinforces the hypothesis that camera time 
is PST. Once multiple images are thus processed and likelihoods for each hypothesis assigned to 
each image, the likelihood combiner (214) combines likelihoods for each hypothesis across 
images. The maximum likelihood selector (216) selects the hypothesis with maximum likelihood 
and determines the camera e.g., camera time is PST.  
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Subsequent to determining that camera time is PST, a timestamp corrector (302) shown 
in Fig. 3 corrects the timestamps of images. For example, the timestamp of image 204 of Fig. 3 is 
corrected from “1:00 PM 21-Jun-2016” to “4:00 PM EST 21-Jun-2016”, while the timestamp of 
image 206 is updated from “10:00 AM 10-Jun-2016” to “10:00 AM PST 10-Jun-2016”. 
Accounting for changes in camera time 
 Some cameras may undergo a change in time setting, e.g., if a user travels across time 
zones and adjusts the camera settings accordingly. Such changes can cause estimates of camera 
time to be inaccurate. To test for this possibility, a hidden Markov model of likely camera time 
changes is created and solved using the Viterbi algorithm. Metadata such as names of image files 
created by the camera (most cameras numbers captured images) are used to determine if the 
images are out of order, which indicates a likely time change. A probability is assigned to 
changing to each time zone. When permitted by users, cross-user analysis is performed to 
determine weights for different probabilities, e.g., based how often each is correct in real-world 
image datasets. For example, if the home time zone without DST is the most commonly seen, it 
is given the greatest weight. The highest likelihood possibility is selected, and is used to correct 
the timestamp generated by the camera. 
CONCLUSION 
 This disclosure describes techniques to determine the universal time at which an image 
was captured, even when the image does not contain explicit location or time-zone information. 
Subject to user approval, universal time at the instant of image capture is determined by using 
the timestamp of the image, various inferences about the image or user’s location, etc. Once 
universal time is determined for a subset of images, a time of capture of other images from the 
camera is determined.  
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